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« Smart Phone Explosion Continues
« Emerging Applications
— Video to the smart phone
— Internet of Things (IoT), Machine to Machine (M2M)
« Laws of Physics and Engineering Realities
* Chip-set Enabled Architecture Opportunities
« Candidate Architectures
 QO0S versus QoE
« Summary and Conclusions
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Exabytes per Month 66% CAGR 2012-2017

Richer content, more devices and multiple devices
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311 wireless Quality of Experience (QoE)
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* “Accelerating 5G QoE via Public-Private Spectrum
Sharing” Mitola, Guerci, Reed, Yao, ... Dwyer et al

« 100 IEEE Papers on QoE in 2013

* QoE Determinants

1. WLAN Generates QoE — consumer price points
Location — privacy protection
Advertising — future pushing to gigabit cache
High Speed Vehicular Mobility
Urban Mobillity
Military and Public Safety
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Access Network

Enhanced Government
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3550 MHz Shared Spectrum
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Data Rate Regime

Range Regime
o S A
1000’s km , Waag W'ndaws Rain | kbps
kilometers 100°s
| Mbps
meters Terrain Buildings M;GHSGGE‘“--&JH 60GHz || 10’s Gbps

=

RF 10 MHz 100 MH:z 1 GHz 10 GHz 100GHz
Band HF VHF UHF SHF EHF

Spectral Spatial Cooperative Controlled W
Reuse Reuse Reuse Reuse




federated

- An AMFI company

Zj.‘l’mlmnﬁnﬁu
o] [l Border Areas

| 55 Temporary BAS Link

| 8 TV translator LPTV,Class A s
¥ MWPD Receive Site

o] B2 Low Power Auxiliary

[Fixed 50-75m{co-chanmel-16.0km)
[Fixed 75-100m(co-channed-21. 1iem)
Fixed 100-150em{co-channel-25,3km)
[Fiwed 150-200m{co-channel-28. Skm)
[Fiooed 200-250m{co-channel-31, 2kem)

Device type: (Whats this?)
() Fixed @ Portable

Latitude: Longitude:
This fool i indended for informabon purpases only and does imply o wamand & cerbfed TVWS senvice or Secure infevface. This lool provides informabon used in detenmining TV
channgds that maghl be svadabie for wsé by TVBDE i sccordandd with fules defined in 47 CFR Pant 15, Subpart M The SVolechion conlours Sepited 0 nol necassanly Mansiale 28 415020 '80 608032
arectly 1o aviabie channdl mags, 88 adanonal faclors are used in nmamwmm ASATional faetors L58d 10 CalRmInG dvatabic whie Space ingiude, st v v

ane nof limied 10. device (ype, HAAT, anenna haight and edacen channgl avalabuly. The channel auihonzalion serice proviied Dy Specirum Bnoge ensures thal
intorfanance profections effordod in 13 712 ave provaded. Avadabadry of white space is Subiect 10 change ower Bme.  Curanl svarabdy of specific Channels 0oos nol guaranioe
avalabidy in the future. Avalabiddy of chavineds for wse by TVBDS does nol guarandes inferfenance free aperabon.

M Spectrum availability (as of January 29, 2013)

wireless’ TVWS Databases

Map data ©2013 Google 20 km b Tﬁ:dUu Report & map error




3550 MHz NPRM
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Measure, Model, Measure, Validate is the
Foundation for Efficient Spectrum Sharing
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Reuse Ontology

Table 1 Spectrum Reuse Ontology

Tyvpe | Reuse Domain Reuse Parameters Access Protocol Illustrative Examples
1 Frequency Usage, power, and Band-specific Regulatory band plans
transmission mask
1.1 Frequency fc, bandwidth FDMA AMPS 1G, LMR
12 Frequency Bandwidth, power Accept interference UWB
2. Space Location, antenna Location-based AM. FM. TV broadcast
radiation patterns permission satellite ground stations
22 Space Radiated power Channel selection ISM Bands (WiFi),
DECT
3.1 Time (fine scale) | Time slot TDMA GSM 2G
3.2 Time (coarse Primary user Etiquette IEEE 802.11h (radar)
scale) signature(s)
4 Code space Short, long sequences | CDMA 3G
321 Space-time- Radio resource blocks | PHY-MAC radio LTE OFDM, OFDMA
frequency (RB), power access protocol PHY-MAC
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An AMFI company

300 - - - - .
20
250} —]L‘ﬂ -
o=l 0
200
. —20
E
% 1501
; {-40
slationary largals
1ok miavin targat
160
diract coupling
a0 ] 80
0 O : )
=40 =20 i 20 40

Halative spaead (mis)

14



.-‘\
N

“ '::;yf d ted o I
i wireless - Cognitive Spectrum Sharing

An AMFI company

C. In-Band Backhaul Beam )

Beam D

Adaptive
Recanfigurable
Phased Arrays

Beam D. 2G GSM Wide Area Compatibility and Admissions Control
Beam E. Interstate 20 3G-5G Services MIMO Tracking Beams

Multi-function Radio Frequency (RF) Devices and Networks
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700 MHz Band Plan & 3GPP Band Classes

US LTE Chip Set US FirstNet Chip Set

7¢ 0 MHz Band Plan for Region 1
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« Market Evolution
— Bag Phone: Mobility, $$$$$ and inconvenience
— StarTac: Mobility, $$$$, convenience
— GSM, 3G: QoS (dial tone, data rate), mobility, $$$

« Dynamic Interference Management

— WiFi: QoS (data rate), $$ down, 0$/month
* Interference acceptance = radar etiquette

— iPhone: 2G+WiFi = QoE; $$$ down $$/month
— Appropriate Content, on Time at Low Cost
— Joint Staff QQT (Quality, Quantity, Timeliness)
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« Market acceleration demands spectrum sharing

— WiFi-like: QoS (data rate), $$ down, 0$/month
* Interference agility = radar, primary user etiquettes

— 1IPhone: 2G+WIiFi = QoE;
« Spectrum Sharing Reduces Cost (and Price)
— Chipsets and infrastructure are positioned
— 5G QoE via Interference-managed Shared Spectrum
— 6G Multi-function RF — leap-ahead opportunities
— Free spectrum isn’t free, but could be affordable
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